The use of a semidosed system (the Magill attachment) for positive pressure breathing was investigated. Various patterns of ventilation were used and their effects assessed by serial measurement of the arterial carbon dioxide. It was found that this could be kept within limits comparable to those found during normal sleep using a flow of fresh gases as low as 5 l./min. This result was most easily achieved if the tidal volume were large (more than 1 1. for the average adult). Other incidental findings are discussed and it is conduded that semidosed systems provide a safe and economical method for maintaining ventilation when special equipment is not available.
The use of semidosed anaesthetic systems for intermittent positive pressure ventilation (LPPV) was investigated by Waters and Mapleson (1961) who concluded that the Magill attachment was the least efficient of the systems they examined. Sykes (1959) had also investigated the Magill attachment for IPPV and had concluded that impracticably high flows of fresh gases were required and also very large minute volumes if carbon dioxide retention were to be prevented. Parkhouse (1963) and Hunter (1963) condemned its use for IPPV for these reasons. These views seemed at variance with those of many anaesthetists who believe that they regularly and easily produce hypocapnic apnoea performing IPPV with this apparatus. It was decided to reassess the use of the Magill attachment for LPPV.
METHOD
The subjects were twenty patients undergoing carotid angiography during the investigation of neurological disease. None had cardiovascular or pulmonary disease that was likdy to interfere with ventilatory function. All were given general anaesthetics and intubated. All but three were ventilated by machine except for the experimental period.
While waiting for the films to be devdoped and while the arterial needle was kept patent, ventilation was maintained manually and serial blood samples withdrawn for gas analysis. Minute and expired tidal volumes (V m and V,) were measured with a Wright respirometer placed in the circuit between the patient and the expiratory valve ( fig.  1 ). The flow of fresh gases was read from the Rotameters of the anaesthetic machine which were set to give 30 per cent oxygen and 70 per cent nitrous oxide. Small quantities of halothane and/ or trichloroethylene were added. Gas samples for analysis were collected in red rubber bags and their carbon dioxide content estimated by the method described by Glossop (1963) . Blood samples were taken into heparinized syringes and analyzed within 30 minutes using an Astrup apparatus (Radiometer AME.lc). At least 5 ml of blood was withdrawn over the time of 2-4 breaths. Since the rate of build-up of Paco 2 in anaesthetized patients is some 5 mm Hg per minute (Holmdahl, 1956 ) experimental runs of 5-10 minutes were considered an adequate test.
RESULTS AND DISCUSSION
At first, using a fresh gas flow of 10 l./min, the anaesthetist squeezed the reservoir bag and adjusted the expiratory valve as he thought fit without trying to achieve a predetermined pattern of ventilation. This resulted in minute volumes varying between 14 and 24 l./min, respiratory rates of between 20 and 40 breaths per minute (b.pjn.) and tidal volumes of between 400 and 850 ml. The effect of this type of ventilation on eight patients is shown in figure 2 . In four of these cases die gas in the reservoir bag was analyzed and the results compared with simultaneously taken blood samples (table I). The agreement between these is within the experimental error of the techniques used. These results suggested that there was fairly even mixing of gases diroughout the ventilated alveolar space and the anaesthetic system and diat the length of tubing between die patient and the reservoir bag was irrelevant. It was therefore decided to examine the effect of increasing the ventilated alveolar space by increasing the tidal volume and at the same time reducing the minute volume. The results of this are shown graphically in figure 3 and are tabulated in table n. The improved ventilation obtained by raising die tidal volume occurs even when the minute volume is reduced. Since diis work was done, similar findings in a different investigation have been reported by Cooper (1967) who attributed the increase in effective ventilation to a decrease in die physiological deadspace/tidal volume ratio when large tidal volumes are used. Two further bag samples were analyzed in this group and die results showed agreement similar to those in die previous group (table I) . Because of diis even mixing of gases, die reservoir bag, tubing and die ventilated alveolar space can be considered as one system. Carbon dioxide can be considered to be entering diis system at the rate of about 200 ml/min and to be removed from die system as a 5 per cent mixture. To remove 200 ml of carbon dioxide as a 5 per cent mixture requires a loss of 4 litres. Consequendy a fresh gas flow of 4 l./min should be sufficient to maintain adequate ventilation. Because of leaks in die apparatus it was often difficult to obtain adequate tidal volumes widi a 4-litre fresh flow; 5 litres was dierefore used in all but two cases. The results in seven patients ventilated using diese low flows are shown in figure 4. Finally the effect of increasing the tidal volume and reducing the minute volume while using a low flow of fresh gases was tried in two patients and the results are shown in figure 5 and table HI.
INCIDENTAL FINDINGS
The arterial carbon dioxide level at which anaesthetized patients become apnoeic was higher than had been expected. Thus patients A and B (table  II) were apnoeic with a Paco 2 of 51 and 54 mm Hg respectively and several others were apnoeic with a Paco, between 45 and 50 mm Hg. This insensitivity to carbon dioxide in the anaesthetized patient must in a large part account for the frequency and ease with which patients are made apnoeic shortly after the induction of anaesthesia. Mitchell, Bainton and Edelist (1966) have referred to this phenomenon as "raising the 'apnoeic threshold' ".
In view of the significance of large tidal volumes in the clearance of carbon dioxide it was thought the efficiency of ventilation with this method might be inversely related to the patient's vital capacity. That is, the smaller the vital capacity the greater the proportion of the total alveolar space that would be ventilated and the more carbon dioxide removed. In nine patients whose vital capacity was measured there was no relationship between this function and the level of Pa CO3 achieved.
Most anaesthetists using this method of IPPV seem to produce tidal volumes of less than 750 ml and to squeeze the bag some 25-40 times a minute. Some concentration and careful adjustment of the expiratory valve was needed to produce large tidal volumes and low minute volumes.
The Pa COj levels produced by manual ventilation in this investigation are comparable to those occurring during normal sleep (Robin et al., 1958) .
Further incomplete experiments using Waters' to-and-fro system without the soda-lime canister (Waters and Mapleson system "C") suggested that there was no difference in performance between this apparatus and the Magill attachment.
CONCLUSIONS
A semiclosed system (in this investigation the Magill attachment) has been successfully used for intermittent positive pressure ventilation. It is most effective when the tidal volume is large (1,000 ml or more for an adult).
For convenience the flow of fresh gases should be above 5 l./min, but very large flows of fresh gases are not necessary.
The arterial carbon dioxide levels obtained by this method are within safe limits, being comparable with those occurring during normal sleep.
The ease with which anaesthetized patients can be made apnoeic is partly explained by a raising of the "apnoeic threshold".
Semiclosed systems can be safely recommended for IPPV when other apparatus is not readily available. Holmdahl, M. H. (1956 Although the author's concept of a physiological approach is sound he has attempted too much with insufficient data at his disposal with th: result that many important aspects of circulatory control during anaesthesia receive but cursory attention. The occurrence of cardiac arrhythmias during anaesthesia is interesting but for the most part of no great significanc:, yet the amount of space allocated to such disturbances is substantial whereas the circulatory changes associated with high spinal anaesthesia are dismissed in a few short paragraphs; indeed no formal discussion of the circulatory effects of controlled hypotension is presented. This is a serious deficiency in a book purporting to describe the circulation during anaesthesia and operation.
Although in most instances Dr. Price presents wellreasoned arguments to support his views th:re are still too many unsubstantiated statements which are not in agreement with general experience. In particular his comments on neuromuscular blocking agents are unlikely to gain wide acceptance, at least on this side of the Atlantic. Dispite these criticisms, this volume deserves to be wid;ly read. Dr. Price has made substantial contributions in the field of circulatory research and the material presented d:pends to a great extent on his own experience and on that of his associaes. His views, therefore, must command resp:ct even when agreement is lacking. The book is further strengthtned by an extensive international bibliography which makes it a valuable source of referenc:.
The production is good; the book is well bound, the print is large and easy to read and the illustrations, although few in number, are well chosen. The ind:x, however, is inadequate and there are one or two variations in spelling not readily explained by different usage from one side of the Atlantic to the other.
